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Mineral Trioxide Aggregate (MTA) is a calcium silicate-based material. New sealers have been developed based on calcium silicate as MTA Fillapex and MTA Plus. Objective: 
The aim of this study was to evaluate biocompatibility and bioactivity of these two calcium 
silicate-based sealers in culture of human dental pulp cells (hDPCs). Material and Methods: 
The cells were isolated from third molars extracted from a 16-year-old patient. Pulp tissue 
was sectioned into fragments with approximately 1 mm3 and kept in supplemented medium 
to obtain hDPCs adherent cultures. Cell characterization assays were performed to prove 
the osteogenic potential. The evaluated materials were: MTA Plus (MTAP); MTA Fillapex 
(MTAF) and FillCanal (FC). Biocompatibility was evaluated with MTT and Neutral Red (NR) 
assays, after hDPCs exposure for 24 h to different dilutions of each sealer extract (1:2, 
1:3 and 1:4). Unexposed cells were the positive control (CT). Bioactivity was assessed by 
alkaline phosphatase (ALP) enzymatic assay in cells exposed for one and three days to sealer 
extracts (1:4 dilution). All data were analyzed by ANO9A and Tukey post-test (p.). 
Results: MTT and NR results showed suitable cell viability rates for MTAP at all dilutions 
(-13). Cells exposed to MTAF and FC (1:2 and 1:4 dilutions) showed signi¿cant low 
viability rate when compared to CT in MTT. The NR results demonstrated cell viability for 
all materials tested. In MTAP group, the cells ALP activity was similar to CT in one and 
three days of exposure to the material. MTAF and FC groups demonstrated a decrease 
in ALP activity when compared to CT at both periods of cell exposure. Conclusions: The 
hDPCs were suitable for the evaluation of new endodontic materials in vitro. MTAP may be 
considered a promising material for endodontic treatments.
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INTRODUCTION
MTA is indicated as the material of choice for 
root-end-¿llings and root perforation treatment24. 
The bioactivity of MTA led to the interest at the 
development of new dental materials based on 
calcium silicates, including root canal sealers26.
MTA Fillapex and MTA Plus are two endodontic 
calcium silicate-based sealers. MTA Fillapex (Angelus 
Industry Dental Products S/A, Londrina, PR, Brazil) 
composition consists of MTA associated with resins 
and pigments. MTA Plus (Avalon Biomed Inc., 
Sarasota, FL, USA) is composed of calcium silicates 
in smaller particles than MTA, according to the 
manufacturer. Moreover, MTA Plus presents a water-
soluble salt-free gel as a vehicle. This gel might 
improve the consistency, solubility and adhesiveness 
to dentin walls18, allowing its use as a sealer. 
Studies evaluating MTA Fillapex biocompatibility and 
bioactivity in osteoblastic cells showed cytotoxicity 
effect of this sealer in the ¿rst periods of cells 
exposure20,27. However, for extended periods, cell 
viability and ALP enzyme activity have substantially 
increased. The production of mineralized nodules 
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by Alizarin Red staining was observed as well, 
demonstrating the cement biocompatibility and 
bioactivity after the setting time20.
In other study, MTA Fillapex presented lower 
adhesion to dentin walls when compared to MTA 
Plus16. Furthermore, the authors suggest that MTA 
Plus has a higher biomineralization potential than 
MTA Fillapex, being able to form apatite deposits 
in collagen ¿brils inside the dentinal tubules, being 
similar to a tag between dentin-MTA Plus interface. 
When evaluating MTA Plus bioactive potential, a 
recent study showed that this cement is similar to 
ProRoot MTA (Dentsply Tulsa Dental Specialties, 
York, PA, USA), and releases calcium ions when in 
contact with water or HBSS (Hank’s saline based 
solution)6.
Although these sealers were launched in the 
market the last couple of years, literature still lacks 
information about their biological properties. The aim 
of this study was to evaluate the biocompatibility and 
bioactivity of MTA Plus and MTA Fillapex in primary 
culture of human dental pulp cells (hDPCs). The 
hDPCs are a suitable model to evaluate cytotoxicity 
of different dental materials11. This cell line is also 
used to estimate the effects of MTA and several 
calcium silicate-based cements in cell culture, 
demonstrating its cytocompatibility and bioactivity 
in vitro17,26.
MATERIAL AND METHODS
Dental pulp cells explants and cell culture 
conditions
After approval from the Institutional Research 
Ethics Committee, patients with third molars at the 
stage of incomplete root formation, indicated to 
extraction for orthodontic reasons, were selected 
for this study. Dental pulps were collected via apical 
opening using a Hedstr|en ¿le (Maillefer, Dentsply, 
Chemin du Verger, Ballaigues, Switzerland) and 
stored in a culture dish (35x10 mm) containing 
Alpha Modification Minimum Essential Eagle’s 
Medium (Į-MEM, Sigma-Aldrich, St. Louis, MO, USA) 
supplemented with 10% fetal bovine serum (FBS, 
Gibco, Life Technologies, Grand Island, NY, USA) and 
1% penicillin and streptomycin (PenStrep, Gibco). 
The pulp tissues were sectioned into fragments of 
approximately 1 mm3 and kept in supplemented 
Į-MEM at 37C, 5% humidity and 5% CO2. The 
culture medium was changed 24 h after the pulp 
collection and every 48 h to obtain explants of human 
dental pulp cells (hDPCs). Successive passages were 
prepared for cellular expansion. The experiments 
were performed with cells from the fourth passage, 
and were repeated three times independently (n=3/
group).
Preparation of endodontic sealer extracts
The experimental groups and the preparation 
proportions are described in Figure 1. Endodontic 
sealers were prepared according to manufactures 
instructions. FillCanal (FC) was prepared according 
to Grossman technique9, and MTA Plus (MTAP) 
was prepared with the vehicle for root canal ¿lling 
consistency. Thereafter, 1 mL of each sealer was 
individually placed in wells of a 12-well plate (TPP, 
Techno Plastic Products, Zollstrasse, Trasadingen, 
Sutoa) and spread to ¿ll the bottom completely. The 
plates with the samples were kept in an incubator 
at 37°C, 95% humidity and 5% CO2 during 24 h for 
the initial setting time of the materials. After this 
period, the specimens were exposed to ultraviolet 
light (UV) in a laminar Àow for 30 min each side 
to disinfection13. The wells were ¿lled with 5 mL 
of Į-MEM supplemented with 1% PenStrep and 
incubated at 37°C, 95% humidity and 5% CO2 for 
additional 24 h, in order to obtain the sealer extracts.
Cytotoxicity assays
C y t o t o x i c i t y  wa s  a s s e s s e d  b y  M TT 
(3-(4,5-dimethyl-thiazoyl)-2,5-diphenyl-tetrazolium 
bromide) and Neutral Red (NR) assays. hDPCs were 
plated at the concentration of 2x105 cells per well 
in 96-well plates (TPP) containing supplemented 
Į-MEM culture medium and cultured for 24 h at 
37°C, 95% humidity and 5% CO2 to obtain adherent 
cells prior to the material exposure. hDPCs were 
exposed to the sealers extracts in dilutions using 
culture medium without FBS of 1:2, 1:3 and 1:4 for 
one day, according to ISO 10993-512.
MTT is based on the conversion of tetrazolium salt 
to insoluble violet formazan crystals, determining the 
cytotoxicity by measuring cell viability rate. For this 
experiment, sealers extracts were replaced by 100 μL 
Group Material Reference Proportion
MTAP MTA Plus Avalon Biomed Inc., 
Bradenton, FL, USA
1 g : 350 μL
MTAF MTA Fillapex Angelus S/A, Londrina, PR, 
Brasil
1 : 1
FC FillCanal Technew, Rio de Janeiro, 
RJ, Brasil
1 g : 200 μL
Figure 1- Endodontic sealers evaluated
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of a 5 mg/mL MTT solution (Sigma-Aldrich), followed 
by incubation at 37°C, 95% humidity and 5% CO2 for 
3 h. Thereafter, the content of the well was removed 
and the colorimetric product solubilized in 100 μL of 
acidi¿ed isopropanol 0.04 N (Sigma-Aldrich). The 
optical densities of the solutions were measured in 
a spectrophotometer (Elx800; Instrumentos Bio-
Tek, Winooski, VT, USA) at 570 nm wavelength27. 
The absorbance readouts were normalized with the 
absorbance of the group of cells exposed to Į-MEM 
(CT), and represented the activity of the viable cells.
NR is a vital dye that is incorporated through 
endocytosis and accumulated on the lysosome of 
cells that have their membranes intact. For this 
experiment, sealers extracts were replaced by 
0.1 mL Į-MEM medium containing 50 μg NR/mL 
(Sigma-Aldrich) followed by incubation at 37°C, 95% 
humidity and 5% CO2 for 3 h. Then, the content of 
the well was removed and the colorimetric product 
solubilized in 100 μL of an ethanol solution (50% 
ethanol and 1% acetic acid) (Sigma-Aldrich). The 
optical densities of the solutions were measured in 
a spectrophotometer (Elx800) at 570 nm21.
ALP enzyme activity
ALP is an enzyme present in the plasma 
membrane that is associated with the mineralization 
process, and it is one of the major markers of 
osteoblast activity in the cells3. The bioactivity assay 
by ALP enzyme activity was performed with hDPCs 
at the concentration of 2x104 cells per well in 12-well 
plates (TPP), as previously described. The assay was 
performed in time intervals of one and three days. 
All assays were performed in triplicate and repeated 
three independent times (n=3/group). Cells exposed 
to culture medium were the control of group (CT).
ALP activity was evaluated in accordance to 
the release of tymolphtaleine from tymolphtaleine 
monophosphate using Alkaline Phosphatase kit 
(Labtest Diagnóstica, Lagoa Santa, MG, Brazil). 
hDPCs were lysed for 30 min at ambient temperature 
using Sodium Lauryl Sulfate solution 1:1 (SDS, 
Sigma-Aldrich), and the assay was performed 
according to the manufacturer instructions. 
Absorbance was measured at the wavelength of 590 
nm in a spectrophotometer. The data were expressed 
as ALP activity (μmol tymophtaleine/min/L)19.
Statistical analysis
The data were analyzed by Kolmogorov-Smirnov 
test, obtaining a normal distribution. Therefore, 
we performed ANOVA and Tukey tests post hoc, 
considering a level of signi¿cance of 5% (GraphPad 
Prism 5 software, GraphPad Software Inc., San 
Diego, CA, USA). All data is presented as mean and 
standard deviation of the mean.
RESULTS
The MTT assay (Figure 2) showed 80-120% 
of viability to hDPCs exposed to MTAP at all 
concentrations evaluated, being similar to the 
negative control of cytotoxicity (p>0.05). The MTAP 
group viability rate was similar in the dilution of 1:4 
to the other groups (p>0.05), although MTAF and FC 
groups viability rate showed signi¿cant difference in 
comparison to the CT. MTAF showed lower viability 
rate than CT at all concentrations evaluated. At NR 
assay (Figure 3), hDPCs exposed to MTAP showed 
signi¿cant higher viability rate (130-135%) than CT 
for all dilutions evaluated (p<0.05). MTAF showed 
the lowest viability of all groups in 1:2 dilution 
(p<0.05), however it increased in the dilutions of 1:3 
and 1:4 (p<0.05). FC demonstrated good viability in 
all dilutions, being similar to MTAF in 1:4 (p>0.05).
In ALP bioactivity assay (Figure 4), MTAP showed 
similar activity to the control group at both periods 
of time evaluated (p>0.05), while the other groups 
demonstrated signi¿cant lower ALP activity when 
compared to CT (p<0.05). There was a tendency of 
Figure 2- Cell viability rate (%) according to MTT assay in human dental pulp cells (hDPCs) exposed to MTA Plus (MTAP), 
MTA Fillapex (MTAF), FillCanal (FC) and culture medium used as control (CT). Bars with different letters represent 
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ALP activity increase in a time-dependent manner 
at all groups.
DISCUSSION
hDPCs may represent a different population of 
differentiated and undifferentiated cells with great 
potential for pulp tissue and dentin regeneration. 
They can be successfully applied in studies to 
evaluate new biomaterials2, including endodontic 
sealers. Studies in the literature reported that MTA 
is capable to stimulate odontogenic differentiation 
in dental pulp mesenchymal cells7,22. In this study, 
human dental pulp was collected from third molars 
referred to extractions for orthodontic reasons, and 
obtained explants of hDPCs to investigate possible 
cytotoxic effects and the bioactivity of MTAP, MTAF 
and FC.
Furthermore, MTT and NR assays demonstrated 
higher viability rate to MTAP at all concentrations 
evaluated, and there was no evidence of cytotoxic 
effect. All materials presented similar viability in the 
higher dilution (1:4) on MTT assay. Concentration-
dependent results were also described by other 
authors when evaluating the viability of MTA 
ProRoot and MTAP in rat odontoblastic cells (MDPC-
23), concluding that the cytotoxic risks become 
negligible after the dilution of the components8. 
MTAF obtained similar results to FC. The viability of 
MTAF has been evaluated in several cell types, such 
as ¿broblasts4,23, osteoblasts21 and human dental cell 
cultures10, demonstrating cytotoxic results in less 
than 7-day periods27. In this study, the cytotoxicity of 
MTAF may be considered moderate to low (50-80%, 
approximately) and concentration-dependent, after 
24 h setting-time. Zinc oxide and eugenol cements 
as FC are considered cytotoxic both in vitro and in 
vivo, causing tissue inÀammation and even bone 
resorption1. In addition, the literature demonstrated 
that these cements are capable of inducing the 
expression of cyclooxygenase-2 and nuclear factor 
kappa B, an immune mediator involved in cellular 
Figure 3- Cell viability rate (%) according to NR assay in human dental pulp cells (hDPCs) exposed to MTA Plus (MTAP), 
MTA Fillapex (MTAF), FillCanal (FC) and culture medium used as control (CT). Bars with different letters represent 
?????????????????????????????????????????????????????????????????????????????????????????????
Figure 4- Alkaline phosphatase (ALP) enzyme activity in human dental pulp cells (hDPCs) exposed to MTA Plus (MTAP), 
MTA Fillapex (MTAF), FillCanal (FC) and culture medium used as control (CT). Bars with different letters represent 
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responses to stress, cytokines, free radicals, UV 
radiation, oxidation of LDL and bacterial and viral 
antigens14. MTAF cytotoxicity can be associated with 
its toxic components, such as salicylate resin, which 
can induce apoptosis5.
The bioactivity was analyzed in accordance to 
ALP enzymatic assay. The progressive increase in 
ALP activity is marked in bone cells15. Besides the 
bioactivity, ALP expression indicates the potential 
of the cells for differentiation25. Therefore, the 
evaluation of this enzyme allows the determination of 
the material bioactivity and its potential to promote 
repair with formation of mineralized tissue. The 
results showed an increase in ALP enzyme activity 
over time for cells exposed to all materials. MTAP 
presented results similar to the control group in 
both evaluated periods, and higher than the other 
cements groups. Other studies showed that after 
the initial period of cytotoxicity, MTAF sealer is able 
to promote bioactivity, stimulating the deposition of 
mineralized nodules and increasing ALP activity20, 
corroborating the results of the present study.
CONCLUSION
This study shows that MTAP presents 
biocompatibility and bioactivity in the primary 
culture of cells from human dental pulp. MTAP can be 
considered a suitable material for root canal ¿lling. 
MTAF shows initial cytotoxicity.
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